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adults found in cardiac arrest by emergency medical personnel after a drowning event is 1.7%. Sequelae 
attached to near-drowning events are highly varied in type and severity and are often proportional to 
stretch of anoxia and liquid volume aspirated. Extracorporeal membrane oxygenation is a form of 
cardiopulmonary bypass allowing heart and/or lung rest post insult by artificially oxygenating, removing 
CO2 waste, and rewarming blood. 
Method: An exhaustive search using MEDLINE-Ovid, Web of Science, and CINAHL was performed using 
keywords: extracorporeal membrane oxygenation and drowning. These were screened with eligibility 
criteria. The resulting studies were then appraised and assessed for quality with GRADE. For ethical 
reasons no prospective, randomized and controlled human studies are available thus all data are derived 
from retrospective observational studies or individual case reports. 
Results: Fifty articles were reviewed for relevance; two retrospective observational studies and two case 
reports were identified fitting the question under investigation. Due to the nature of the question posed, 
the quality of the evidence was very low, but one study and both case reports showed a resulting benefit 
to early intervention with ECMO post near-drowning incident. The second study had the added 
confounder of each patient suffering moderate too severe hypothermia thus making a conclusion difficult 
due to relatively high mortality. 
Conclusion: Due to the complex nature and high mortality rate of near-drowning victims, ECMO can be 
used safely and effectively as an adjunct resuscitative strategy for select patients with cardiac and/or 
pulmonary failure and hypothermia resistant to conventional therapies. 
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|| Abstract || 
Background: Drowning is the leading cause of death in children worldwide. Likewise, the survival rate of 
adults found in cardiac arrest by emergency medical personnel after a drowning event is 1.7%. Sequelae 
attached to near-drowning events are highly varied in type and severity and are often proportional to stretch 
of anoxia and liquid volume aspirated. Extracorporeal membrane oxygenation is a form of 
cardiopulmonary bypass allowing heart and/or lung rest post insult by artificially oxygenating, removing 
CO2 waste, and rewarming blood. 
Method:  An exhaustive search using MEDLINE-Ovid, Web of Science, and CINAHL was performed 
using keywords: extracorporeal membrane oxygenation and drowning. These were screened with eligibility 
criteria. The resulting studies were then appraised and assessed for quality with GRADE. For ethical 
reasons no prospective, randomized and controlled human studies are available thus all data are derived 
from retrospective observational studies or individual case reports.  
Results: Fifty articles were reviewed for relevance; two retrospective observational studies and two case 
reports were identified fitting the question under investigation. Due to the nature of the question posed, the 
quality of the evidence was very low, but one study and both case reports showed a resulting benefit to 
early intervention with ECMO post near-drowning incident. The second study had the added confounder of 
each patient suffering moderate too severe hypothermia thus making a conclusion difficult due to relatively 
high mortality.  
Conclusion: Due to the complex nature and high mortality rate of near-drowning victims, ECMO can be 
used safely and effectively as an adjunct resuscitative strategy for select patients with cardiac and/or 
pulmonary failure and hypothermia resistant to conventional therapies.  
Keywords: Extracorporeal membrane oxygenation, drowning 
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Extracorporeal Membrane Oxygenation for Near-Drowning Victims 
BACKGROUND 
Statistics from the World Health Organization show that 0.7% of all deaths can be 
attributed to unintentional drowning incidents and drowning is the leading cause of death 
in children worldwide; this amounts to over 500 000 deaths each year.1 Nitta et al2 report 
a survival rate of merely 1.7% in 1669 adult drowning patients who were in cardiac arrest 
when emergency medical personnel arrived on the scene, and of that cohort who 
survived, only 0.7% emerged with a favorable neurological profile at one month post 
incident. Near-drowning is the broad term used for submersion events in the literature, its 
usage and classic sequelae are covered in detail below. Despite advances in sophisticated 
life-sustaining technologies, rates of morbidity and mortality associated with near-
drowning events remain high.3 Broadly, four important predictors of survival have been 
identified: water temperature, submersion time, adequacy of bystander CPR, and 
emergency medical support response time.4 
Drowning can be defined broadly as: “a process resulting in primary respiratory 
impairment from submersion/immersion in a liquid medium.”5 The patient is unable to 
breath due to a liquid/air junction at the entry to their airway. Paradoxically, aspiration of 
the liquid is minimal early in the process due to efficient laryngospasm. The larynx 
relaxes with prolonged hypoxia and liquid is aspirated, leading to telltale pulmonary 
complications. A near-drowning event, by contrast, can be defined as: “a critical aquatic 
predicament resolved by successful water rescue,” and they are a heterogeneous group of 
events resulting in a wide array of conditions with an even wider spectrum of severities.6 
7 
The most critical outcome of prolonged submersion is hypoxic brain damage, 
with a Glasgow Coma Scale (GCS) of <5 and non-reactive pupils acting as the best 
predictor of a undesirable neurological outcome. Another common sequela of near-
drowning events, particularly in cold climates, is what researchers term accidental 
hypothermia (AH). AH is defined as a body core temperature below 35°C and it is graded 
from mild too severe; AH affects a range of body systems, of greatest note are the 
cardiovascular, pulmonary, and neuromuscular systems.7 Mild AH causes 
vasoconstriction and tachycardia, moderate AH leads to bradycardia and decreased 
cardiac output, and severe AH causes ventricular fibrillation, even cardiac arrest. The 
more common outcome of near drowning events however is surfactant evacuation 
leading to capillary leakage and subsequent edema. If the resulting pulmonary edema is 
of adequate severity, acute respiratory distress syndrome (ARDS) may develop which 
carries a grim prognosis thus the need for a method allowing for heart/lung rest in the 
post near-drowning setting.8  
Extracorporeal membrane oxygenation (ECMO) is a technique for cycling a 
patient’s blood supply into a closed circuit through a heart-lung bypass machine with the 
aim of external oxygenation and removal of CO2. In this way, the heart and/or lungs may 
be bypassed in the setting of cardiogenic shock, lung insult due to trauma or infection, 
acute respiratory distress syndrome (ARDS), or as a bridge to transplantation; this 
process allows for organ rest.9 Traditionally, ECMO was used in neonates with refractory 
lung insult, but in recent years it has been used in adults to treat the aforementioned 
issues, and large multicenter studies such as the Conventional ventilator support vs 
extracorporeal membrane oxygenation for severe adult respiratory failure (CESAR) 
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trials have born out its efficacy versus conventional therapies alone in treating 
appropriately selected adult patients with ARDS.10 The aim of this review is to evaluate 
the outcomes of early ECMO intervention after a near drowning incident.  
 There exist a number of methods for ECMO, but the two most common, and those 
used in the setting of the studies reviewed for this analysis are veno-arterial (VA) and 
veno-venous (VV) ECMO. VA ECMO is analogous to native circulation and bypasses 
both the heart and lungs; in this method blood is often extracted from the right common 
femoral vein via cannulation, scrubbed of CO2, oxygenated, and infused through the right 
femoral artery. VV ECMO is a process of CO2 removal and blood oxygenation without 
cardiopulmonary bypass and usually involves removal from the right common femoral 
vein and reinfusion at the right internal jugular vein. VA ECMO is utilized in the setting 
of cardiopulmonary failure and VV ECMO for respiratory failure alone. Thus the mode 
of ECMO employed is determined primarily by the organ system involvement and degree 
of hemodynamic instability, but at its essence, ECMO offers lung rest by allowing for 
decreased mechanical ventilator pressures and reduced oxygen concentrations.  
Exhaustive indications and guidelines for the use of ECMO are set down by the 
Extracorporeal Life Support Organization (ELSO) and will be referenced throughout this 
analysis; they are primarily based on objective measures and scales.9  
METHODS  
 An exhaustive search of available literature was conducted in April 2016 with 
MEDLINE-Ovid, Web of Science, and CINAHL using the keywords: extracorporeal 
membrane oxygenation and drowning. The results were initially limited to include only 
English-language articles and those on human subjects. The resulting studies were then 
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appraised and assessed for quality using the Grading of Recommendations Assessment, 
Development and Evaluation GRADE Working Group guidelines.17 For ethical reasons 
no prospective, randomized and controlled human studies were available for the above 
outlined area of study thus all data are derived from retrospective observational studies 
and single case reports. 
RESULTS 
 The initial literature search yielded 50 articles for review. After screening 
abstracts and titles for eligibility, two studies met inclusion criteria.4,5 Due to the nature 
of the area of inquiry, both studies are retrospective observational models. Both articles 
examined the use of ECMO post near-drowning incident in a range of age groups 
including children and adults.4,5  In addition, two pertinent case reports were 
uncovered.15,16 See Table 1 and 2.  
 
Kim et al 
 This retrospective observational study4 reviewed the data from nine near-
drowning victims who received early ECMO therapy between 2008 and 2013. 
Participants included seven adults and two children with a mean age of 33  17 years 
with a range from 9-55 years. Each cohort member experience a near-drowning incident, 
loss of consciousness and cardiac arrest on scene, and displayed unstable hemodynamic 
conditions and altered mental status (AMS) in the emergency department. Specific 
inclusion criteria for ECMO therapy and for the study under discussion was PaO2 < 70 
mmHg for more than 2 hours with FiO2 1.0 and Positive End Expiratory Pressure (PEEP) 
 10 
> 10 cmH2O, uncompensated respiratory acidosis with pH < 7.15, rapidly evolving 
diffuse infiltrates in all quadrants of the chest plain film, and unstable vital signs 
including cardiac arrest. Mean time from ED arrival to ECMO was 187  113 minutes 
and choice of VA or VV ECMO varied depending on underlying pathology.4 
 The primary outcomes of the study were death and neurological sequelae at 
discharge. Secondary outcomes were SOFA, SAPS-II with predicted mortality, and 
Murray score (See Appendix). Arterial blood gas analysis (ABGA) was measured upon 
ED arrival and after ventilator support. ABGA in addition to severity scores were 
measured prior to ECMO and 24 hours after ECMO initiation. Patients were 
subsequently weaned from ECMO when ABGA showed a pH of 7.35-7.45, PaO2 > 80 
mmHg, and PaCO2 < 45 mmHg under strict ECMO parameters.
4 
 ABGA results taken two hours post ECMO initiation showed a correction to more 
optimal values from baseline before ECMO. Mean pH increased from 7.15 to. 7.26, 
PaCO2 decreased from 52.6 too 29.1 mmHg, PaO2 increased from 62.7 too 182.1 mmHg, 
and PaO2/FiO2 increased from 59.7 too 346.9 mmHg. The researchers also showed a 
statistically significant decrease in SOFA and SAPS-II 24 hours post ECMO initiation, 
with a decrease in predicted mortality from 87% too 37% per the SAPS-II. Results are 
displayed graphically in Table 2. Two patients incurred hypoxic brain damage due to 
prolonged submersion and subsequently died after transfer to hospitals close to their 
respective homes. The remaining seven patients with intact neurological outcomes were 
discharged home. Three-month mortality was thus 22.2%.4 
 The authors reiterate that inherent to near-drowning events is a high level of 
variability from submersion time, too lay life-support on scene, too time for emergency 
 11 
medical support arrival therefore, many confounders are “baked” into this study. For this 
reason, the they focused primarily on objective findings and predictive scales discussed 
above. By virtue of the subject matter no control group was possible. In addition to these 
sizable and disparate limitation the study was weakened by a relatively small sample size 
disallowing multivariate statistical analysis. Furthermore, due to the retrospective study 
design, the analysis lacked long-term follow up past 3 months, which may have 
elucidated long-term near-drowning sequelae not captured by the existing data. The 
authors state that the study was further weakened by a relative lack of background 
information surrounding the near-drowning incidents thus nullifying patient 
standardization.4 
 
Weuster et al 
 This retrospective observational study5 described the authors experience treating 
nine patients with some degree of cardiopulmonary failure and AH after a near-drowning 
event. The study’s aim was thus to examine the efficacy of ECMO therapy in not only 
recovering cardiac and pulmonary function but to establish a physiologic core 
temperature. The study took place in Germany and the climatic conditions surrounding 
each near-drowning event were cold and frosty; average water temperature was 3-6°C 
and average outdoor temperature was -3°C.5 
 The nine participant’s median age was 24 years with a range of 6-75 years old. 
For inclusion in the study subjects required some degree of cardiopulmonary failure 
including persistent cardiac arrest (n=8) or pulmonary failure with severe hypoxic state 
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(n=1) and AH. Temperatures ranged from 13.4°C too 29.4°C and all patients arrived with 
a GCS of 3. The mean time from rescue too ED was 115.5 minutes.5 
 Unlike the Kim et al4 study, this analysis only displayed laboratories upon 
admission; no follow up results were given for comparison. Additionally, no objective 
severity scores such as the SOFA or SAPS-II were applied. The primary outcomes of the 
study were death and neurological sequelae at discharge. No secondary outcomes were 
identified.5 
 Initial ABGA showed signs of severe shock: mean pH, 6.9; base excess, 17 
mmol/L; and lactate, 20.8 mmol/L. Patients received continuous CPR upon arrival to the 
hospital and all nine were endotracheal intubated. Adequate ventilation could not be 
attained. ECMO was then implemented with either VA ECMO (n=8) or VV ECMO 
(n=1); mean treatment duration was 56 (3-260) hours.5 
 Profound neurologic outcomes with severe cerebral edema resulting in death 
occurred in seven patients after an average of two days on ECMO. The remaining two 
patients were successfully weaned from ECMO and discharged after 28 and 40 days with 
a GCS of 15 and no identifiable neurological or cardiopulmonary deficits.5 
 The authors note that as with all drowning events there was high variability 
amongst patients and scenarios. Thus the study displayed serious limitations in the arenas 
of precision and directness. These limitations were further amplified by a lack objective 
measures such as Kim et al4 utilized (SOFA, SAPS-II, and Murray score), and precision 
was further hampered by a lack of post-ECMO laboratories. The authors go on to state 
that future research in this arena should be based on multicenter investigations. For all of 
 13 
these reasons, the quality of evidence was downgraded to very low according to GRADE 
guidelines.5 
 
Romlin et al 
 This was a case report15 outlining the hospital course of a 7-year-old girl 
(undergoing evaluation for autism but otherwise healthy) treated with ECMO following a 
near-drowning event in the austere -12°C Northern European winter. The child fell down 
an embankment into a frozen river; she hit her head in the fall and remained submerged 
in water for at least 83 minutes before rescuers retrieved her and promptly started CPR; 
mouth-to-mouth ventilation was initially stymied by ice in the upper airway requiring 
manual removal. Upon arrival to the hospital ECG showed persistent asystole, fixed and 
dilated pupils, and a GCS of 3. Her temperature taken in the operating room was 13.8°C 
where she was started on ECMO approximately three hours after arrival.15 
 The primary outcomes of the study were death and neurological sequelae at 
discharge. No secondary outcomes were identified. Pre-ECMO laboratories showed pH, 
6.6; potassium, 11.3 mmol/L; PaCO2, 19.1 mmHg; PaO2, 44.3 mmHg; base excess, -26; 
and lactate, 22 mmol/L.15 
 After approximately 20 hours on ECMO her temperature was just above 28°C and 
she exhibited normal sinus rhythm on ECG accompanied by spontaneous eye opening 
and movement of all extremities. At 30 hours post ECMO initiation laboratories were: 
pH, 7.36; potassium, 4.6 mmol/L; PaCO2, 5.9 mmHg; PaO2, 13.2 mmHg; base excess, -
1.0; and lactate, 1.7 mmol/L. Body temperature was held at 32°C until 48 hours on 
ECMO, at which time she was slowly warmed to 36°C over 10 hours. After successful 
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rewarming she was taken off of ECMO and repeated echocardiograms displayed 
adequate myocardial contractility. Cerebral MRI on day five and again on day 14 showed 
signs of traumatic brain injury with diffuse axonal injury consistent with her fall down 
the embankment. She was successfully extubated on day 10 and moved to the pediatric 
neurology ward on day 26. An intensive rehabilitation and physiotherapy regime began in 
order to address axonal neuropathy and ongoing lung trauma symptoms, and by day 67 
she was moved to a skilled nursing facility for further therapy. At 15 months post 
accident she was fully alert and attending classes appropriate for her age with the help of 
a personal assistant. At this time she was diagnosed with atypical autism and attention 
deficit disorder with a mild-to-moderate cognitive disability, considered to be present 
before the accident based on records.15 
Thalmann et al 
 This was a case report16 following the treatment course of a 3-year-old girl near 
drowning victim admitted with persistent respiratory failure and AH with a tympanic 
membrane temperature of 18.7°C who was treated with ECMO therapy. The patient had 
an unobserved fall into an 8°C fishing pond and remained submerged for roughly 30 
minutes. CPR was initiated immediately upon retrieval and was continued until she 
arrived at a small local hospital eight minutes later; she was asystolic and GCS 3 at this 
time. She was then flown by helicopter 25 minutes to a larger facility with ECMO 
capabilities. Total cardiorespiratory arrest time was approximately 90 minutes upon 
ECMO cannulation.16 
 The primary outcomes of the study were death and neurological sequelae at 
discharge. No secondary outcomes were identified. Pre-ECMO laboratories showed pH, 
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6.72; base excess, -28.1; potassium, 5.7 mmol/L. The child was placed on ECMO due to 
severe lung edema causing insufficient oxygen saturation despite oxygen support. She 
was then transferred to the intensive care unit where endobronchial administration of 
surfactant was performed. Based on ABGA and temperature normalization (results not 
included) she could be taken off ECMO after 15 hours. Due to mild cerebral edema seen 
on computed tomography on day one postoperatively, an intracerebral pressure line was 
placed to ensure cerebral perfusion pressure remained above 40 mmHg. On day 12 she 
could be removed from mechanical ventilation and extubated.16 
 Upon discharge the patient exhibited only moderate right leg and left arm 
weakness. Physiotherapy further aided with recovery after her profound lung insult. By 
her 20-month follow up visit she was: “doing well and was developing without any 
neurologic abnormalities.”16  
DISCUSSION    
 Drowning remains the preeminent cause of death in the pediatric population, and 
it accounts for over 500 000 deaths in adults and children annually worldwide. Despite 
aggressive treatment, cardiopulmonary dysfunction, AH, and anoxic brain damage as a 
result of near-drowning events produce a grim prognosis. For apparent reasons, there are 
no prospective, randomized and controlled studies on drowning in humans. Thus all data 
must be taken from retrospective observational studies and case reports, and for this 
reason data on the optimal course of treatment post near-drowning events does not meet 
the criteria for higher levels of evidence. This has resulted in a lag time in the 
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development of treatment protocols for near-drowning victims, and for those in place to 
be based on limited scientific rationale.1  
 ECMO is a therapy that cycles blood through a bypass machine, thereby 
removing CO2 waste, providing oxygenation, and allowing for tissue perfusion thereby 
allowing for a measure of cardiopulmonary rest by allowing for decreased ventilator 
settings and reduced saturation of delivered oxygen. Within the past 20 years, literature 
began to emerge highlighting ECMO as an adjunctive therapy in near-drowning victims 
who suffer from some level of cardiopulmonary dysfunction and/or AH—both to bypass 
the heart and/or lungs and return the hypothermic patient to an optimal core temperature. 
Both due to the novelty of this utilization of ECMO and the relative rarity of near-
drowning incidence severe enough and near enough a facility outfitted with ECMO, the 
literature does not abound with studies on this subject.10 
 This systematic review uncovered two retrospective observational studies4,5 and 
two case reports15,16 that explored ECMO as a treatment for cardiopulmonary failure in 
near-drowning victims; additionally, all but the Kim et al4 study explicitly explored 
ECMO as a means of rewarming hypothermic patients in a controlled manner.  
 Major limitations of these studies were small sample sizes, no blinding, no long-
term follow up, and high variability of near-drowning scenarios and between victims. 
None of the reviewed articles included a control group, which presumably could have 
been culled from records of near-drowning victims matched by age and mechanism who 
did not receive ECMO therapy. 
 Based on objective measures Kim et al4 found ECMO to be a safe and efficacious 
adjunctive therapy for patients with cardiopulmonary sequelae following a near-drowning 
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event, refractory to conventional ventilator treatment. With a statistically significant 
decrease in SOFA and SAPS-II scores 24 hours after initiation of ECMO therapy and an 
unprecedented 50% decrease in predicted mortality per the SAPS-II scale. They also 
exhibited a 100% rate of ECMO weaning and subsequent discharge. 
 Weuster et al5 reiterated—independent of the question of ECMO’s efficacy—that 
prolonged AH has a profound impact on the cardiovascular system. Despite the fact that 
standard pre-hospital rescue rewarming procedure took place in all cases, all patients 
were clinically hypothermic upon arrival. Owing to this, cardiac arrest occurred in eight 
of the nine study subjects. It is presumed that due to austere conditions, AH aggravated 
cardiopulmonary, metabolic, and shock symptoms inherent to near-drowning events 
generally. This added stress is presumed to have added to the nearly 80% mortality rate 
observed in contrast to the 22.2% mortality rate reported by Kim et al.4 The authors note 
that near-drowning is a rare but complex and life threatening event and that many patients 
simply are not rescued fast enough, with many not surviving the trip to the hospital 
despite up-to-date rescue protocol taking place. 
 The two case reports reviewed15,16  were accounts of children who survived a 
near-drowning event with submersion times far exceeding the axiomatic 10 minute rule 
for survival. Much like in the Weuster et al5 study, these accidents took place in 
extremely cold environments and similarly, both children arrived hypothermic, 
necessitating rewarming therapy. Additionally, the child in the Romlin et al15 study 
arrived with a potassium of 11.3, which is at the extreme end of survivability. Again, it is 
impossible to predict the result if these patients were not placed on ECMO as there were 
no controls, but it remains true that their cardiopulmonary failure was refractory to 
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traditional ventilator therapy, in addition to their respective ABGAs showing dangerous 
acidotic levels.  Additionally, the fact that both subjects were children has not passed this 
reviewer’s notice; it begs the question of whether children possess some hitherto 
unidentified protective mechanism. This is perhaps a question for further research. 
However, none of the children (ages: 3.5, 6,6, and 7) in the Weuster et al5 study survived, 
so the question may be moot from the outset.   
 The high variability of near-drowning events: from duration of submersion, basic 
life support experience of those on scene, time to emergency personnel arrival, age of 
victim, water temperature, too the less quantifiable features such as amount water 
aspirated, quantity of surfactant lost and extent of cerebral involvement affect mortality. 
For instance, the Kim et al4 study was performed in Korea were water temperatures are 
significantly higher than those in Germany where the Weuster et al5 study took place; as 
is obvious from results, AH has a statistically significant affect on survivability. 
Submersion time appears to be a strong independent variable as it relates to anoxic brain 
damage, with over 10 minutes being at the high end of survivability however this isn’t a 
hardened fast rule as the Romlin et al15 and Thalmann et al16 studies showed by their 
victim’s submersion for upwards of 30 minutes—in addition to AH—who emerged with 
excellent neurological outcomes. 
 Further studies are necessary to validate the above evidence which is very low in 
quality according to the GRADE assessment guidelines. Future studies would preferably 
include a larger sample size, standardized rules of reporting, carry out standard 
laboratories pre- and post-ECMO treatment, and include long term follow up. 
Additionally, a comparison of age and mechanism-matched drowning victims treated 
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with traditional methods would be helpful in establishing statistical significance. Weuster 
et al5 conclude by stating that future research in this vein should be based on multicenter 
investigations with the aim of standardizing treatment regimes and developing 
recommendations for emergency medical personnel. These will be important factors in 
order to upgrade the quality of the evidence and update guidelines for near-drowning 
treatment protocol.  
CONCLUSION 
 The efficacy of ECMO as an adjunct therapy in near-drowning aftercare, although 
logically efficacious, remains questionable. Though there are several promising—even 
remarkable—case reports, it is difficult to weigh these against those incidences of failed 
therapy that were not published for obvious reasons. Kim et al showed a 50% reduction 
in predicted mortality on the SAPS-II scale 24 hours post ECMO initiation, but without a 
control group for correlation, the authors claim that: “the outcomes of [this] study were 
remarkable”4 are difficult to validate. Weuster et al reported a nearly 80% mortality rate 
despite ECMO therapy after near-drowning events, but each patient had moderate too 
severe AH in addition to the usual cardiopulmonary sequelae observed in such near-
drowning cases. This added element, although a very real hurdle for emergency medical 
providers, added a large confounder to the question under review. Regardless, because 
this is a highly complex patient population with high mortality rates and vastly varied 
sequelae, it seems judicious despite the very low quality of evidence to cautiously agree 
with Kim et al when they conclude their study with the statement: “ECMO can be used as 
a resuscitative strategy for near-drowning patients with cardiac or pulmonary failure 
resistant to conventional ventilator therapy.” 
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Table I. GRADE Assessment: Characteristics of Reviewed Studies 
 
Design Included Outcomes 
Downgrade Criteria 
Quality 
Limitations Indirectness Imprecision Inconsistency 
Publication 
bias  
Kim et al (2006)4 
 
Retrospective Observational 
Study 
 
Mortality, Neurological sequelae, Full 
Recovery 
Very 
Seriousa,b,c 
Not Serious Seriousd Not Serious 
 
Not Likely  
 
Very 
Low  
Weuster et al (2016)5 
Retrospective Observational 
Study  
Mortality, Neurological sequelae, Full 
Recovery 
Very 
Seriousa,b,c,e 
Not Serious Seriousd Not Serious Not Likely 
Very 
Low 
Romlin et al (2015)15 & Thalmann et al (2001)16 
Case Reports 
Mortality, Neurological sequelae, Full 
Recovery 
Very 
Seriousa,b,c,e 
Not Serious Seriousd Not Serious Likely  
Very 
low 
a No control group 
b  No long-term follow up 
c High variability in drowning scenarios and between victims  
d Small sample size 
e No objective severity score applied and lacked addressing confounders 
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 Table II. Summary of Findings 
 
 
Authors Study Design Mean Age Mean Measure Upon Admission 
2 Hr Post 
ECMO 24 Hr Post ECMO 
Mortality/ Neuro 
Sequelae 
   
pH 7.15 ± 0.20 7.26 
 
 
   
PaCO2 52.6 ± 21.8 mmHg 29.1 mmHg 
  
Kim et al4 Retrospective 33 ± 17 PaO2 59.7 ± 9.9 mmHg 
182.0 ± 
152mmHg 
 
22.20% 
 
Observational 
 
Lactate 8.1 mmol/L 
 
3.4 mmol/L 
 
   
Murray Score 3.5 ± 0.6 
   
   
SOFA 11.4 ± 1.9 
 
8.6 ± 3.2  (p=0.013) 
 
   
SAPS-II 73.0 ± 9.2 
 
46.4 ± 5.1 (p=0.008) 
 
   
Predicted Mortality 87.10% 
 
37.00% 
         
        
Authors Design Mean Age Mean Measures Upon Admission 
Mortality/ 
Neuro 
Sequelae 
  
 
  
Core Temperature 20.85°C 
 
   
  
pH 6.9 
   Weuster et al5 Retrospective 24 ± 51 PaCO2 57.5 mmHg 77.80% 
  
 
Observational 
 
PaO2 164.8 mmHg 
   
   
Base Excess 17 mmol/L 
   
   
Lactate 20.8 mmol/L 
   
   
K+ 5.32 mmol/L 
           
        
 24 
Authors Design Age Measures Upon Admission 
20 Hr Post 
ECMO 
Mortality/ Neuro 
Sequelae 
 
   
Core Temperature 13.8°C 31.8°C 
  
   
pH 6.6 7.36 
  
   
PaCO2 19.1 kPa 5.9 kPa 
  Romlin et al15 Case Report 7 y/o PaO2 44.3 kPa 13.2 kPa 0% 
 
   
Base Excess -26 mEq/L -1.0 mEq/L 
  
   
K+ 11.3 mmol/L 4.6 mmol/L 
          
        
Authors Design Age Measures Upon Admission 
40 Min Post 
ECMO 6 Hr Post ECMO 
Mortality/ Neuro 
Sequelae 
   
Core Temperature 18.4°C 
 
37.0°C 
 
   
pH 6.72 7.38 
  Thalmann et al16 Case Report 3 y/o Standard HCO3- -2.4 mmol/L 
  
0% 
   
Base Excess -28.1 mmol/L 
   
   
K+ 5.7 mmol/L 
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Appendix. Objective Scales 
Scale Measurements  Range 
 
PaO2/FiO2 (mmHg) 
 
 
GCS 
 Sepsis-Related MAP 
 Organ Failure Assessment Bilirubin (mg/dl) 0-24 
(SOFA) Platelets x103/ul 
 
 
Creatinine (mg/dl) 
 Age 
  Heart Rate (BPM) 
  Systolic Blood Pressure (mmHg) 
 
 
Temperature 
 
 
GCS 
 Simplified Acute CPAP 0-163 
Physiology Score II PaO2 (mmHg) 
 (SAPS-II) FiO2 % 
  Urine Output (mL/Hr) 
  Blood Urea Nitrogen 
  Na+, K+, HCO3- 
 
 
Bilirubin (mg/dL) 
 
 
WBC x 109/L 
 
 
Chronic Diseases 
 
 
Type of Admission 
 
 
PaO2/FiO2 (mmHg) 
 Murray Score Positive End Expiratory Pressure (cmH20) 0-4 
 
Lung Compliance (mL/cmH20) 
 
 
Number of Lung Quadrants with Infiltration on CXR 
 
